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Abstract
Predicting long-term trajectories in HbA1c can inform interventions to improve health outcomes
for those with T1D throughout the lifespan. Higher negative attributions of friends’ reactions
(NAFR) while participating in health behaviors is related to higher anticipated adherence
difficulties (AAD), higher diabetes-related stress (DS), and higher HbA1c, cross-sectionally. The
purpose of the present study was to determine if these social information- processing variables
can predict membership into empirically derived subgroups of longitudinal HbA1c trajectories in
youth with T1D. One hundred ninety-five adolescents with T1D completed the Diabetes Stress
Questionnaire and the Attributions of Peer Reactions scale. HbA1cs were extracted from medical
records at three time points over one year. Growth mixture modeling was used to derive classes
of HbA1c trajectories and determine if NAFR, AAD, and DS predict class membership,
controlling for T1D duration. Three distinct classes emerged: High Decelerating HbA1c
(intercept= 13.917, slope=3.768, quadratic=-2.867), Mid-High Decelerating HbA1c (intercept=
11.289, slope= nonsignificant, quadratic= .747), and Near-Optimal Accelerating HbA1c
(intercept= 8.147, slope=-.376, quadratic=.590; ps <.01). NAFR and T1D duration were not
significant predictors of latent class membership. Increased AAD predicted increased odds of
being in the Mid-High vs. Near-Optimal group. Increased diabetes-related stress predicted
increased odds of being in the High vs. Near-Optimal group. Higher AAD in imagined social
situations and higher DS were associated with suboptimal glycemic control trajectories.
Incorporating this knowledge into clinical treatment can allow providers to minimize the
deleterious effects of negative peer cognitions and stress on long-term health outcomes in youth
with T1D.
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Social Information- Processing Variables Predict Hemoglobin A1c Trajectories in Youth with
Type 1 Diabetes
Type 1 diabetes (T1D) is one of the most common chronic illnesses in childhood and
adolescence, affecting over 190,000 youth under 19 years old in the United States, with an
incidence rate that is increasing almost 2% annually (Mayer-Davis et al., 2017; Pettitt et al.,
2014). T1D is a chronic autoimmune disease in which individuals no longer produce insulin and
are required to obtain insulin exogenously via multiple daily injections or an insulin pump
(American Diabetes Association, 2019). Insulin dosage regimens can be complex; they need to
account for both basal insulin requirements and insulin required to metabolize consumed
carbohydrates in order to maintain normal levels of blood glucose and optimal glycemic control
(Karges et al., 2017). Glycemic control is measured as glycosylated hemoglobin, or HbA1c, a
measure of the approximate average blood glucose levels over the previous three months (Sacks
et al., 2011). The American Diabetes Association (ADA) recommends that youth maintain
HbA1c levels of less than 7.5%, which is considered optimal glycemic control for this age group
(American Diabetes Association, 2019). Optimal glycemic control can lower risk of long-term
deleterious health complications arising from prolonged hyperglycemia, high blood glucose
levels, such as neuropathy, retinopathy, nephropathy, and cardiovascular diseases (The Diabetes
Control Complications Trial Research Group, 1993).
Seventy-five percent of youth with T1D under 18 years old do not attain glycemic control
within the ADA’s recommended range (Pinhas-Hamiel et al., 2014). Adolescence and early
adulthood are the developmental periods for which glycemic control is at its worst throughout
the lifespan (Miller et al., 2015). During adolescence, biological factors such as pubertyassociated insulin resistance makes it harder for the body to utilize similar amounts of insulin
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previously utilized in childhood (Chowdhury, 2015). Additionally, psychosocial factors, such as
cognitions about acceptance by peers and diabetes-related stress, also contribute to suboptimal
glycemic control in adolescence (Hains, Berlin, Davies, Parton, & Alemzadeh, 2006).
Elucidating modifiable psychosocial factors that impact glycemic control trajectories can lead to
development of interventions to improve health outcomes and quality of life in adolescents living
with T1D during this critical time of development.
Longitudinal research on youth with T1D shows that during adolescence, worsening
glycemic control is associated with decreased treatment adherence (Rausch et al., 2012).
Adherence can be defined as “the extent to which a person's behavior - taking medication,
following a diet, and/or executing lifestyle changes- corresponds with agreed recommendations
from a health care provider” (World Health Organization, 2003, p. 4). In regards to diabetes, this
typically includes following a healthy diet, counting carbohydrates, and dosing insulin
appropriately as needed to maintain euglycemia (Patton, 2011). Adherence has been found to
explain approximately 28% of the variance in HbA1c (95% CI: 24% to 32%) in a meta-analysis,
with higher adherence being associated with lower HbA1c, more optimal glycemic control
(Hood, Peterson, Rohan, & Drotar, 2009). This suggests that adherence is an important predictor
of glycemic control. Determining changeable psychosocial factors that relate to adherence can be
a promising way to inform treatments that aim to improve glycemic control.
Borus and Laffel (2010) described several psychosocial factors that are hypothesized to
serve as barriers to T1D treatment adherence and glycemic control in adolescence, including
affective disorders, diabetes-specific conflict, the role of family, and peers/social support. The
role of peers in management of T1D is the psychosocial factor of particular interest in the current
study. A meta-analysis on interventions aimed to improve adherence and glycemic control in

2

pediatric populations with T1D discussed the vital role of similar psychosocial factors (Hood,
Rohan, Peterson, & Drotar, 2010). Comparing their meta-analysis of interventions to an earlier
meta-analysis by Winkley, Landau, Eisler, and Ismail (2006), Hood et al. (2010) concluded that
psychosocial factors may be so central to improving adherence and glycemic control that
interventions which discount these processes are unlikely to have an effect on glycemic control.
Peer interactions become increasingly important as a child ages, increasing autonomy and
depending less on parents (Holmbeck, Devine, & Bruno, 2010). For youth with T1D,
adolescence is a time when diabetes care responsibilities and decisions shift from being solely
the duty of parents to a stage of co-management, moving towards the adolescent assuming
virtually all responsibility for diabetes care as they age into early adulthood (Wysocki & Greco,
2006). Research has explored beneficial effects of peers on youth with pediatric conditions,
including receiving support from friends, friends’ influence on treatment adherence, and peers’
impacts on health-promoting behaviors (La Greca, Bearman, & Moore, 2002). However, a
review by Palladino and Helgeson (2012) notes that peer conflict has a greater impact than peer
support in youth with T1D. For example, a study assessing peer interactions’ effect on youth’s
psychosocial and disease outcomes found that greater conflict predicts worse self-care,
depressive symptoms, and worse glycemic control, but peer support was not significantly related
to the aforementioned outcomes (Helgeson, Lopez, & Kamarck, 2009).
How can peer conflict affect adherence and glycemic control in youth with T1D? Though
adolescents’ problem-solving skills and diabetes knowledge are higher compared to younger
children, their adherence rates are lower due, in part, to the role of perceived peer acceptability
(Thomas, Peterson, & Goldstein, 1997). Adolescence is a developmental period when
perceptions of a given social interaction might become increasingly important and reflect a fear
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of non-inclusion in a social group or disapproval from friends or peers generally (Di Battista,
Hart, Greco, & Gloizer, 2009), and specifically related to T1D (Berlin et al., 2006). To prevent
feeling singled out or different from others, youth might not share their diabetes diagnosis with
others, which is associated with decreased adaptation to diabetes and worse glycemic control
(Greco et al., 2003). Additionally, youth might not perform self-care activities in front of others
for fear of negative reactions from others (Hains et al., 2007). Furthermore, peer conflict can be a
significant stressor in the lives of adolescents, and especially those living with T1D (Storch et al.,
2004). Stressful life events have been shown to relate to less optimal self-care behavior and less
optimal glycemic control in a longitudinal study of adolescents with T1D (Helgeson, Escobar,
Siminerio, & Becker, 2010).
Thus, adolescents with T1D who are facing greater amounts of peer conflict compared to
healthy peers (Storch et al., 2004), during a time in their development when fear of non-inclusion
becomes increasingly important to social functioning (Di Battista et al., 2009), are likely to
evidence behavior change that promotes perceived social inclusion, even if it is at the cost of
diabetes treatment adherence and glycemic control. These mechanisms by which peer relations
can affect glycemic control were explored in the context of a social information processing
model in a series of studies by Hains and colleagues (Hains et al., 2006; Hains et al., 2008; Hains
et al., 2007). Crick and Dodge’s social information-processing theory posits a cyclical relation in
which social cognitions lead to social behaviors that are the bases of social evaluations by others,
taking into account the role of memories of past experiences (Crick & Dodge, 1994). Cognitive
appraisals involved with diabetes care efforts around peers include focusing on specific aspects
of the situation, appraising others’ intentions incorrectly, or assessing ambiguous situations as
negative in terms of potential consequences (Hains et al., 2006). Hains and colleagues (2006)
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reported an association between higher negative attributions of friend reactions (NAFR; youth
expecting that their friends will evaluate them negatively), higher anticipated adherence
difficulties, higher diabetes-related stress, and less optimal glycemic control (Hains et al., 2006).
Although their cross-sectional study related social information- processing variables to glycemic
control, the study did not allow for exploring longitudinal trends.
Based on research exploring HbA1c trajectories over time (Vicki S. Helgeson et al.,
2010; Pinhas-Hamiel et al., 2014; Rausch et al., 2012), adolescents are likely to experience
changes in HbA1c throughout adolescence. However, these explorations of trajectories were
largely variable-centered, focusing on mean change in HbA1c over time over a longer period of
time than the present study (two to ten years) and they were likely able to detect changes in
HbA1c because of the extended follow-up period. The present study utilized data from three
visits spaced apart by six months, capturing a total of one year. It could be difficult to detect
significant differences in HbA1c using variable-centered analyses in the current study since
HbA1c measures average blood sugar in the past three months. Additionally, individuals were
not receiving an intervention and changes in overall mean HbA1c are not hypothesized.
However, using a person-centered approach to data analysis could discover subgroups for whom
HbA1c is changing significantly during even this shorter time period of one year, and/or
subgroups who are accelerating/decelerating in their rate of HbA1c change. Though some studies
have considered individual differences in HbA1c trajectories over time utilizing person-centered
analyses, they have not explored the relation of social information- processing variables to
longitudinal change in HbA1c (Luo et al., 2018). Therefore, the present study aims to fill this gap
in the literature by determining if social information- processing variables can predict
membership into empirically derived subgroups of longitudinal HbA1c trajectories.
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Method
Participants and Procedure
Youth and their caregivers participated in the Predicting Resiliency in Youth with Type 1
Diabetes Study (PRYDE; Rybak et al. (2017). PRYDE is a longitudinal study seeking to
determine predictors of adherence, glycemic control, and quality of life in youth with T1D and
their families. Institutional Review Boards at the University of Memphis and Le Bonheur
Children’s Hospital in Memphis, Tennessee, approved study procedures before data collection
began. Eligible youth and their caregivers were approached to participate while at the
endocrinology outpatient clinic at Le Bonheur Children’s Hospital for routine care visits.
Caregivers provided written consent for themselves and their child to participate. Children 14
years of age and older provided additional written assent.
Eligibility criteria for youth included: being between the ages of 12 and 18, living with
T1D for at least six months prior to consent, receiving care at the endocrinology clinic during the
time of consent with a plan to continue care there for at least one year, and being fluent in
English (to read study materials). The youth and their caregiver were excluded if youth were
pregnant, diagnosed with a severe developmental disability, or if a legal guardian was not able to
provide consent. After consent, youth and their caregiver were given pen and paper questionnaire
packets to provide data on demographics, household income, treatment regimen adherence,
quality of life, social-emotional functioning, stress, and coping. Parent-caregiver dyads were
asked to complete these packets at baseline and approximately 6- and 12-months afterwards,
either at a follow-up clinic appointment, or by completing the questionnaires and returning them
via prepaid mail. HbA1c values were extracted from medical records from the dates closest to
completion of questionnaires, within 1 month of questionnaire completion. Youth’s
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questionnaires from baseline and HbA1c from three time points are utilized in the present study.
Of the 220 youth approached to participate in the study, 195 provided informed consent
and assent (24 either declined to participate or were not eligible), and 181 completed
questionnaire packets at the baseline study visit (the remaining 15 did not return mailed packets).
Mean (± SD) age of participants was 14.64 years (± 1.70). Half of the sample was female, 44%
White, and 56% Black/African-American. Participants had been diagnosed with diabetes for an
average of 4.69 years (± 3.57) at their baseline study visit. Only 37.5% of reporting participants
used an insulin pump, the remainder used multiple daily injections. Median annual household
income range was $20000-$24999. Mean HbA1c level at the baseline study visit was 10.35% (±
2.48). Eighty-seven percent of the sample had an HbA1c above 7.5%, above the ADArecommended range for optimal glycemic control in youth. Twenty-eight youth (15 % of the
sample) had HbA1c values at or above 14%, the highest reportable value registered on the
endocrinology clinic’s point of care HbA1c instrument.
Measures
Demographics and HbA1c. Study participants provided self-reported demographic
information, including race, age, and sex, and illness duration. Their caregivers reported annual
household income. Duration of type 1 diabetes (years since diagnosis) was extracted from the
electronic medical record. HbA1c values were obtained from electronic medical records of the
clinic visit date closest to questionnaire completion at baseline and at follow-up clinic visits
approximately 6 and 12 months afterwards. Since most youth completed the baseline
questionnaires on the same day as their clinic visit (n = 169), baseline HbA1c values are from the
day of questionnaire completion for the majority of youth. HbA1c data were available for 180
individuals at baseline, 151 at the 6-month follow-up, and 158 at the 12-month follow-up visit.
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On average, the second HbA1c time point was 6.54 months (± 2.15 months) after the baseline
visit, and the final time point was 11.15 months (± 2.34 months) after the baseline visit.
Negative Attributions of Friend Reactions and Anticipated Adherence Difficulties.
The Attributions of Peer Reactions Scale- Short Form (APR-SF) provides a description of three
situations in which children with T1D would need to practice diabetes self-care while with
friends. The APR-SF was adapted from the original scale (Hains et al., 2006), to include the
three friend vignettes that had the highest internal consistency and highest correlations with
HbA1c. Examples of these vignettes include: “You are invited to your friend’s birthday party,
and they are going to serve cake and ice cream at a time when you are supposed to have a snack.
But you don't know how much to adjust your insulin for the cake and ice cream” (Hains et al.,
2006). Youth are asked to what degree they agree with statements about how their friends would
perceive them in this situation (e.g., “I’d think my friends would understand”) and about their
adherence behaviors (e.g., I think I would be likely to do my diabetes care in this situation) on a
Likert scale from 1 indicating “strongly disagree” to 5, indicating “strongly agree”. Positively
worded items are reverse scored. An average of friend reaction items is taken across vignettes to
form the Negative Attributions of Friend Reactions (NAFR, Cronbach’s α = .934 for the present
study) subscale. Adherence-related responses are averaged across vignettes to form the
Anticipated Adherence Difficulties (AAD, Cronbach’s α = .883 for the present study) subscale.
Both subscales have shown strong criterion, content, and construct validity (Hains et al., 2006).
Diabetes-related stress. The Diabetes Stress Questionnaire (DSQ) is a 65-item selfreport measure with 8 subscales: distress-worry, peer stress, adverse-personal effects, parental
stress, hyperglycemia, self-care, diet, and hypoglycemia (Delamater, Patiño-Fernández, Smith, &
Bubb, 2012). Each item is rated on a four-point Likert scale in response to how stressful the
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situation presented is to the youth at the time of questionnaire completion from 0 indicating “not
at all” to 3 indicating “very much.” Combining all subscales of the DSQ yields a composite total
score (Cronbach’s α = .956 for the present study) with higher scores indicating higher levels of
diabetes-specific stress (Delamater et al., 2012). The DSQ has evidenced measurement
invariance across groups based on sex, age, and glycemic control (Kamody et al., 2014).

Analytic Plan
Growth mixture modeling (GMM) was used to empirically derive subgroups of HbA1c
growth trajectories using methods from Berlin, Parra, and Williams (2014). The MLR estimator
(maximum likelihood with robust standard errors) was used in Mplus version 8.0 (Muthén &
Muthén, 1998-2017). GMM, a form of latent variable mixture modeling (LVMM) allows for
identification of relatively homogenous subgroups within a heterogeneous population.
Individuals were probabilistically assigned to unobserved, latent, classes of HbA1c trajectories,
based on intercept, slope, and quadratic growth factor estimates and variances. GMM was used
to compare 1-6 class models with a) intraclass variances in latent intercept, slope, and quadratic
factor allowed to vary freely within and between classes, and b) intraclass variances in latent
intercept, slope, and quadratic factor constrained to be zero within class and allowed to vary only
between classes (considered latent class growth analysis, a specific, more parsimonious case of
GMM). The latent class growth model (LCGM) approach is helpful when working with small
sample sizes, since there fewer parameters to estimate (Berlin et al., 2014). Additionally,
individually varying time points were utilized, accounting for individuals’ completion of followup visits within a range of time, approximately 6 months after the previous time point, but within
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a window of +/- several weeks. HbA1c was considered a censored variable, since 15% of the
sample had HbA1c values at the maximum.
To determine the optimal model solution, models were compared on entropy (ranging
from 0 to 1 with higher scores representing greater classification accuracy), the Bayesian
information criterion (with lower scores indicating better model fit), and the Lo–Mendell–Rubin
test and Bootstrap Likelihood Ratio tests, both of which provide p-values that can be used to
determine if statistically significant improvement in fit is achieved by including an additional
class- e.g., if a 3-class solution is statistically improved over a 2-class solution (Berlin et al.,
2014). Parsimony was favored (e.g., if a 3-class solution is not significantly improved over a 2class solution, the 2-class solution would be chosen as the model of best fit). Once the bestfitting model was determined, social information- processing variables (NAFR, AAD, and
diabetes-related stress) were included as predictors of class membership, controlling for T1D
illness duration, a known correlate of HbA1c (Pettitt et al., 2014). Models with small class sizes
(approximately n = 30) were not considered due to potentially low power (Berlin, Williams, &
Parra, 2013). Missing data were handled using full information maximum likelihood. Sufficient
data were available for 184 youth for the base models and 171 youth for the prediction models.
Results
Correlations, means, and standard deviations for all variables can be found in Table 1.
The model fit information for 1-6 class GMM and LCGM models is available in Table 2.
Though the GMMs did have lower BICs than the LCGMs, for GMMs the BLRT consistently
produced model errors (even after providing additional LRT start values as described in
(Asparouhov & Muthén, 2012). So, the LCGM model with the lowest BIC and a significant p
value for the LMR and BLRT tests was chosen, which was the 3-class model. The 3-class
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LCGM revealed three distinct quadratic HbA1c growth classes: High Decelerating HbA1c, MidHigh Accelerating HbA1c, and Near-Optimal Accelerating HbA1c classes. See Table 3 for
intercepts, slopes, and quadratic growth factors for the classes, and Figure 1 for a graphical
representation of the classes’ distinct trajectories. The High Decelerating HbA1c class had
HbA1c of 13.92% at baseline with a significant positive slope and negative quadratic growth
factor, indicating a rate of HbA1c change that was initially positive and decelerating over time.
This looks like a downward curve graphically. The Mid-High Accelerating HbA1c class had
HbA1c of 11.29%, lower than the High Decelerating HbA1c class at baseline but still above the
ADA target, a non-significant slope and a significant positive quadratic growth factor, indicating
acceleration over time. The Near-Optimal Accelerating HbA1c class had an HbA1c of 8.15% at
baseline, closer to the ADA target and lower than the other groups. This class had a significant
negative slope and a significant positive quadratic growth factor, indicating that the rate of
HbA1c change, though initially negative, was accelerating over time (becoming less negative).
Both accelerating classes can be depicted graphically as upward curves.
See Table 4 for results of social-information processing variables predicting comparative
latent class membership. NAFR and T1D duration were not significant predictors. Increased
AAD predicted increased log odds of being the Mid-High vs. Near-Optimal HbA1c group
(estimate = 1.334, SE = .433), p < .01). Increased diabetes-related stress predicted increased log
odds of being in the High Decelerating vs. Near-Optimal Accelerating HbA1c group (estimate=
1.562, SE = .545), p < .01). AAD and diabetes-related stress did predict any other comparative
class memberships.
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Discussion
Previous research using variable-centered analyses determined the cross-sectional impact
of social information processing variables (NAFR, AAD, and DS) on glycemic control in youth
living with T1D. The purpose of the present study was to determine if and/or how these variables
might predict membership into subgroups of longitudinal HbA1c trajectory in a diverse sample
of adolescents with T1D. The present study showed grouping of youth into three distinct latent
classes: High Decelerating HbA1c, Mid-High Accelerating HbA1c, and Near-Optimal
Accelerating HbA1c. Higher AAD was associated with increased odds of being in the Mid-High
class compared to the Near-Optimal class. Higher diabetes-related stress was associated with
increased likelihood of being in the High class compared to the Near-Optimal class. NAFR and
T1D duration did not significantly predict membership into latent classes. Our results indicate
that higher anticipated difficulties with treatment adherence and higher diabetes-related stress are
associated with membership into less-optimally-controlled glycemic control trajectory classes.
King and colleague’s (2012) research following youth with T1D for two years found two
latent classes of glycemic control trajectory: a moderate control group and a poor control group.
Their study modeled HbA1c trajectory using linear growth (compared to the present study’s
quadratic growth). Their Moderate Control group is similar to the present study’s Near-Optimal
group, and their Poor Control group appears similar to the present study’s High and Mid-High
groups. A large majority (92%) of their sample was in the Moderate Control group, and only 8%
(21 individuals) were in the Poor Control group. Contrasting that with the present study having
39% in the Mid-High and 19% in the High groups, it could be that because a majority of their
sample had HbA1c near the ADA target, their analyses could not detect differences within the
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more poorly controlled youth. The present study allows for this because of overall high HbA1c
and because a larger number of youths are in higher HbA1c trajectory groups.
A recent review of longitudinal trends in HbA1c reported that studies exploring HbA1c
trajectories over time in individuals with T1D have found between two and five growth
trajectories (Luo et al., 2018). The majority of included studies found a group with near-optimal
control (average HbA1c around 7.5%) at baseline and a group with sub-optimal control (average
HbA1c around 9%) at baseline, and several studies found an additional group of higher HbA1c
(greater than 9% at baseline; (Luo et al., 2018). This is similar to the present study, which found
trajectory groups with baseline HbA1c in the near-optimal, mid-high, and high ranges, but the
group means for the present study are all higher than the majority of studies included in the
review. Luo and colleagues (2018) also describe that studies generally found HbA1c stable or
deteriorating over time, and that if a group of improving glycemic control was present, it
generally contained less than one-third of total sample. This is consistent with the present study.
The High-Decelerating HbA1c group, the only group with improving HbA1c, contained closer to
one-fifth of the sample. The majority of individuals in the current study were in the
accelerating/deteriorating groups with HbA1c that was increasing over time. Of note, the HighDecelerating HbA1c group appeared to be decelerating faster than the other groups were
accelerating. It could be characterized as a group that might be regressing towards the overall
sample mean HbA1c, but more long-term follow-up would be needed to explore this proposition.
Clinically, youth anticipating that they will have trouble adhering to their treatment
regimen in social situations is an important context to consider in terms of treatment planning.
Treatments seeking to improve adherence in youth with T1D that take into account the
psychosocial aspects of living with this disease often show greater improvements in outcomes
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post-treatment than those that focus solely on discrete behavior change such as increasing
frequency of blood glucose monitoring (Hood et al., 2010). Working with youth to target
behavior change in the context of social interaction could improve glycemic control, but can be
considered distinct from peer support. A four-session intervention incorporating adolescents’
best friends with them into a structured group format focused on diabetes education, problemsolving, peer support, and stress management (Greco, Pendley, McDonell, & Reeves, 2001). The
intervention surprisingly found no effect on increasing social support in adolescents with T1D.
Hains and colleagues (2007) found that a higher level of peer support, somewhat
counterintuitively, is associated with a stronger a relation between diabetes-related stress and
HbA1c, perhaps because adolescents with higher diabetes stress may not make good use of
coping support from friends or may friend support aversive.
Since the current study suggests that increased diabetes-related stress is related to
increased odds of being in a High Decelerating HbA1c trajectory group, peer support
interventions might be ineffective (or even counterproductive) in lessening the effect of stress on
long term HbA1c trajectory. Also, taking into account the results of Palladino and Helgeson
(2012)’s review, which found that peer conflict has a greater impact on outcomes than peer
support, it could be beneficial to adapt Greco and colleague’s intervention to focus more on
coping with peer conflict rather than on increasing peer support. A study in youth with T1D
testing the effectiveness of a social learning intervention, aimed at providing training in
addressing adherence difficulties in social situations, found significant improvements in
glycemic control for the intervention group compared to a matched control group that received
treatment as usual (Kaplan, Chadwick, & Schimmel, 1985). Since NAFR is related to AAD
cross-sectionally, teaching youth skills to restructure their initial negative cognitions about their
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peer’s beliefs, in addition to addressing anticipated social barriers to treatment adherence, could
decrease NAFR and result in lower AAD. Lower AAD would be associated with increased odds
of being in the Near-Optimal vs. Mid-High group, potentially improving glycemic control over
time. Further research on this would be beneficial.
Greater diabetes-related stress has been related cross-sectionally to higher HbA1c and the
present study adds to this literature base by exploring the longitudinal associations. Previous
stress management training conducted with adolescents has found mixed results for its effect on
glycemic control, which the majority of studies finding no pre-post intervention differences in
HbA1c (Boardway, Delamater, Tomakowsky, & Gutai, 1993; Hains, Davies, Parton, &
Silverman, 2001; Méndez & Beléndez, 1997; Monaghan, Sanders, Kelly, Cogen, & Streisand,
2011; Silverman, Hains, Davies, & Parton, 2003). However, these interventions did not
incorporate social aspects of T1D management or the role of peers explicitly. Greco and
colleague’s (2001) peer intervention study did not measure diabetes-specific or general stress,
though its intervention was focused on stress management training for an entire session, and it
would be interesting to know if the intervention resulted in decreased stress (Greco et al., 2001).
Perhaps focusing on stress in the context of social interactions is needed, and providing stress
management training along with skills similar to Kaplan and colleagues’ (1985) social learning
intervention would result in improved glycemic control, but further intervention development
and research is needed.
The results of the present study should be interpreted in the context of some limitations.
The current study’s sample was composed of 56% Black/African-American youth with a mean
HbA1c of 10.35% (± 2.48), displaying greater racial diversity and suboptimal average glycemic
control than previous studies of social information- processing variables in youth with T1D
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(Hains et al., 2006). Though it is improved upon previous research using majority White youth
with optimal glycemic control, it is not a nationally representative sample of youth with T1D,
which may impact the generalizability of results (Pettitt et al., 2014). Also, the present study
used youth’s report of how they imagine they would respond after reading vignettes about
situations in which they would have to practice diabetes care while with peers. Furthermore,
though Hains and colleagues did note that youth in their study using the original APR scale rated
having some experiences similar to those used in the vignettes (Hains et al., 2006), the ecological
validity of the measure in the current sample using the short form is not known. The ways in
which youth think about acting in a given situation might also differ from actual adherence
behavior in real life situations. An additional limitation of the present study is the use of NAFR,
AAD, and diabetes-related stress at baseline to predict change in HbA1c over time. This assumes
that these social information-processing variables remain static and do not change over time.
Further research is needed to determine more long-term impacts of social information
processing variables on HbA1c trajectory. Future research could employ the use of cross-lagged
panel models exploring social information- processing variables and their associations amongst
each other and with HbA1c at each time point. This would allow for an understanding of how
past levels of NAFR, AAD, diabetes-related stress, and HbA1c influence later levels of each
variable controlling for all other variables. Additionally, since participants’ HbA1c trajectories
were studied for one year only, future research is needed to determine if these three latent classes
exist over larger timespans or if additional classes might emerge. Moreover, research using
ecological momentary assessment might be able to capture if and how NAFR might impact
actual adherence behavior in real life situations, potentially improving upon the current study’s
use of self-report for these variables. Data collected during naturalistic experiences with friends
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and peers on NAFR, AAD, diabetes-related stress, and actual self-care performed would be able
to link social cognitions with actual adherence behavior instead of relying on self-report of
anticipated adherence behaviors. Finally, information regarding if youth have recently changed
schools could be included as an additional predictor of the association between social
information-processing variables and HbA1c trajectories. Relations between anticipated peer
evaluations and adherence difficulties might be particularly salient for youth whose peer group
has recently changed as a result of transferring schools. Changing schools also presents youth
with additional stressors, as it requires adaptation to a new environment, schedule, diabetes care
routine, and school staff who might assist with their diabetes care and might impact glycemic
trajectory during adolescence.
Overall, the present study showed how youths’ anticipated adherence behaviors in front
of peers in imagined social situations and diabetes-related stress can predict membership into
latent classes of HbA1c trajectories. Specifically, increased anticipated adherence difficulties are
associated with increased odds of being in a group with HbA1c that is higher than the ADA
recommended target of 7.5% whose rate of change over time is accelerating. Additionally,
increased diabetes-related stress is associated with increased odds of being in a group with
HbA1c that is almost double the ADA-recommended target that is increasing over time at a
decreasing rate. Incorporating this knowledge into clinical practice can allow providers to
minimize the negative effects of negative peer cognitions and stress on long-term health
outcomes in youth with T1D.
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Table 1
Correlation Matrix of Social-Information Processing Variables, HbA1c at Three Time Points,
and Demographic Characteristics
1.

2.

1. HbA1c T1

-

2. HbA1c T2

.738*

3. HbA1c T3

.709* .801*

3.

4.

5.

7.

8.

9.

10.

-

4. NAFR

.157* .188* .211*

5. AAD

.123 .206* .228* .577*

6. DSQ

.328* .363* .351* .411* .361*

7. Age (years)

6.

-

-.015 -.052 -.150 -.189* -.190* -.137

-

8. T1D duration
.209* .231* .169* .112

.012 .189* .253*

-

(years)
9. Gender (male)

-.029 -.023 .044 -.021 .141 -.184 -.073 -.195*

-

10. Race (Black/AA) .424* .456* .532* .126 .158* .263* .060 .311* -.015
Mean

10.35 10.39 10.61 1.78

2.10

(SD)

(2.48) (1.42) (2.48) (.740) (.731) (.574) (1.70) (3.58)

-

1.22 14.64 4.69
50% 56%

Notes. HbA1c= Hemoglobin A1c, T1= baseline, T2= 6-month follow-up, T3= 1-year follow-up,
NAFR= Negative Attributions of Friend Reaction subscale, AAD= Anticipated Adherence
Difficulties subscale, DSQ= Diabetes Stress Questionnaire; AA= African-American. For gender,
female= 0 and male = 1; For race, 1 = White and 2= Black/African-American; Frequency
presented for females and individuals identifying as Black/African-American for gender and
race, respectively. *p < .05

26

Table 2
Model Comparison for Growth Mixture and Latent Class Growth Models
Model

Number of
Entropy

Type

LMR

BLRT

Smallest Class

p value

p value

Size (n, %)

BIC

Classes
1

NA

2230.067

NA

NA

184

2

0.811

2064.222

< .0001*

< .0001*

84 (46%)

3

0.818

2015.391

< .0001*

< .0001*

35 (19%)

4

0.838

2016.910

0.0093*

Error

13 (7%)

5

0.835

2005.039

0.1817

Error

15 (8%)

6

0.801

2013.992

0.0718

1.0000

14 (8%)

1

NA

2005.217

NA

NA

184

2

0.873

1992.235

0.0034*

Error

30 (16%)

3

0.807

1985.764

0.1119

Error

18 (10%)

4

0.791

1986.976

0.4153

Error

19 (10%)

5

0.709

2006.403

0.9896

Error

5 (3%)

6

Error

Error

Error

Error

-

LCGM

GMM

Notes. NA= not applicable, LCGM= latent class growth model, GMM= growth mixture model,
BIC= Bayesian information criterion, LMR= Lo–Mendell–Rubin test, BLRT= Bootstrap
Likelihood Ratio test, Error= error in MPlus, could not provide result. The model solution
chosen is bolded.
* p < .01
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Table 3
Estimates of HbA1c Latent Class Trajectories
N (% of
Class

High Decelerating
HbA1c

Mid-High Accelerating
HbA1c

Near-Optimal
Accelerating HbA1c

sample)

35
(19%)

71
(39%)

78
(42%)

Quadratic

Intercept

Slope

(SE)

(SE)

13.917 *

3.768*

-2.867 *

(.437)

(.257)

(.262)

11.289*

-.285

.747*

(.226)

(.256)

(.230)

8.147*

-.376*

.590*

(.170)

(.143)

(.119)

Note: HbA1c= Hemoglobin A1c
*p < .01
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Growth Factor
(SE)

Table 4
Comparative Social Information- Processing Predictions of Latent Class Membership in 3-Class
Latent Class Growth Model

Unstandardized
Reference
Class

Estimate
Comparison Class

Predictor

(log odds)

SE

Estimate/SE

NAFR

-.227

.440

-0.516

AAD

1.334*

.433

3.078

DS

.694

.495

1.400

T1D Duration

.011

.007

1.598

NAFR

.170

.415

0.408

High Decelerating

AAD

.041

.510

0.081

HbA1c Class

DS

1.562*

.545

2.866

T1D Duration

.006

.007

0.951

NAFR

.397

.497

0.798

High Decelerating

AAD

-1.293

.645

-2.005

HbA1c Class

DS

.868

.503

1.727

T1D Duration

-.004

.005

0.835

Mid-High
Accelerating HbA1c
Near- Optimal

Class

HbA1c Class

Mid-High
Accelerating
HbA1c Class

Notes. NAFR= Negative Attributions of Friend Reactions, AAD= Anticipated Adherence
Difficulties, DS= Diabetes-related Stress, T1D Duration = type 1 diabetes duration. A one unit
increase in the predictor variable results in the estimated log odds of being in the comparison
class vs. the reference class. Redundant comparisons were excluded from the table.
*p < .01

29

16

High Decelerating HbA1c Class
(n= 35,19%)

15

HbA1C (%)

14
13

Mid-High Accelerating HbA1c Class
(n= 71, 39%)

12
11
10
9

Near-Optimal Accelerating HbA1C Class
(n=78, 42%):

8
7

0

0.2

0.4

0.6

0.8

1

Years Since Baseline
Figure 1. Results of Latent Class Growth Modeling. This figure shows the grouping of individuals into three latent classes and each
class’s trajectory in Hemoglobin A1c (HbA1c) over the 1 year study period. Curves were graphed using each class’s intercept (I),
slope (S), and quadratic growth factor (Q) in an adapted Microsoft Excel worksheet from Moore (n.d.).
* p < .01
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